The application of Mössbauer spectroscopy for the characterisation of minerals has been known for many years [1] . We are beginning a programme of synthesis and characterisation of inorganic solids containing iron and antimony and have become aware of minerals containing these elements which appear to have received sparse attention in the past. As a preliminary to the main body of work we have examined, for the first time, the 57 Fe Mössbauer spectra from three minerals containing iron and antimony.
Introduction
The application of Mössbauer spectroscopy for the characterisation of minerals has been known for many years [1] . We are beginning a programme of synthesis and characterisation of inorganic solids containing iron and antimony and have become aware of minerals containing these elements which appear to have received sparse attention in the past. As a preliminary to the main body of work we have examined, for the first time, the 57 Fe Mössbauer spectra from three minerals containing iron and antimony.
Schafarzikite was first identified in the Slovak Republic in 1921 [2] and was subsequently shown to adopt the composition FeSb 2 O 4 [3] . The mineral has been characterised by X-ray diffraction and described [4] in terms of columns of edge-sharing iron-containing octahedra connected by corner sharing to parallel chains of three-coordinate pyramidal antimony. The mineral is rare but after no findings for over eighty years has recently been found near Pernek also in the Slovak Republic [5] . Schafarzikite is the parent phase of apuanite, Fe 20 Sb 16 O 48 S 4 , and versiliate, Fe 12 Sb 12 O 32 S 2 , found in the Apuan Alps in Italy. Apuanite and versiliaite are derived from schafarzikite by substitution on some antimony sites by iron [6, 7] and the insertion of sulphide bridges between these iron ions. We report here on the characteristion of the iron oxidation states in schafarzikite and a synthetic analogue made during the course of this work and in apuanite and versiliaite by Mössbauer spectroscopy.
Experimental
Schafarzikite from the Kriznica mine, Pernek, Slovak Republic [5] (Figure 1a ) was dominated by a quadrupole split absorption characteristic of Fe 2+ . The 121 Sb Mössbauer spectrum showed a resonance, δ= -11.84 mms -1 , charactaristic of Sb 3+ . The result is consistent with the structural description of earlier- [4] and recently- [5] found samples of schafarzikite from which chains of FeO 6 octahedra, held together by chains of 3-coordinate antimony in which the lone pairs of electrons on Sb 3+ point into the channels, can be envisaged. A doublet corresponding to Fe 3+ was observed in the spectrum but, given that schafarzkite is found with other iron-containing minerals [2, 5] ,we associate this with a minority impurity phase. Indeed X-ray powder diffraction showed weak reflections not attributable to schafarzikite but which could not be unequivocally associated with another Fe 3+ -bearing mineral. The spectrum recorded from the synthesised material of composition FeSb 2 O 4 ( Figure 1b) showed a single quadrupole split absorption with a chemical isomer shift characteristic of Fe 2+ .
Apuanite
The 57 Fe Mössbauer spectrum is shown in Figure 2 . The spectrum was best fitted to two components characteristic of Fe 2+ and Fe 3+ . The peak area ratio of the Fe 2+ to Fe 3+ components was ca. 1: 3.35 (Table 1 ). The result validates the structural description [6, 7] in terms of the substitution of every third antimony cation in the pyramidal chains of schafarzikite by an Fe 3+ ion with pairs of these ions being linked by the sulphide anions; charge balance is achieved by oxidation of some Fe 2+ within the chains.
The results recorded here are consistent with the formulation of apuanite as Figure 3 . The spectrum was again fitted to two components characteristic of Fe 2+ and Fe 3+ but with a peak area ratio of 1:2.12 (Table 1 ). This result is also consistent with the structural description of versiliate [6, 7] 
